Sunblotch disease of avocado was first described by Horne and Parker (7) . The disease produces sunken yellow or red discoloration on the fruit, which severely decrease its marketability. The causal agent, avocado sunblotch viroid (ASBVd), was established by Palukaitis et al. (11) as an infective single-stranded circular RNA molecule of 247 nucleotides. ASBVd is transmitted mechanically, through pollen, seed, and by root-grafting; no known insect vector has been identified. ASBVd can be transmitted to other members of the Lauraceae by graft inoculation. A bioassay has been developed; however, infected trees may remain asymptomatic for prolonged periods, making detection of the pathogen difficult (5) .
Sequence variation has been demonstrated, and most variation is caused by U-A exchanges. The variants ranged from 246 to 251 nucleotides (10, 12) . Self-cleavage has also been demonstrated for ASBVd (8) , and differences in symptoms have been associated with changes in RNA sequence (13) .
The ability to selectively amplify RNA using reverse transcriptase and the polymerase chain reaction (RT-PCR) has proven valuable in detecting viroid-infected plants. The technique was adapted for the detection of apple skin scar viroid (ASSVd), dapple apple viroid (DAVd), citrus exocortis viroid (CEVd), cachexia viroid (CCaVd) (6, 15) , and ASBVd (13).
Detection of viroids using RT-PCR has the advantage of greater sensitivity than techniques based on polyacrylamide gel electrophoresis (PAGE), and the time required for the assay is significantly reduced.
Our objectives were to design primers specific for ASBVd and to develop an RT-PCR assay to detect the pathogen in avocado total nucleic acid extracts. Additional goals were to use PCR to determine the optimum concentration of avocado total nucleic acids needed for ASBVd detection and to confirm previous reports of titer differences between tissue types and difficulties associated with detection (13) .
MATERIALS AND METHODS
Plant materials. All tissue samples were collected from plants maintained at the National Germplasm Repository (NGR), Miami, Florida, and from local farms in the Homestead, Florida, area.
The positive controls were avocado trees that expressed the typical disease symptom of large yellow blotches on the fruit for the past 5 years. The negative controls were avocado trees from an area of the NGR where symptoms of sunblotch have not been observed on any plants. The trees were not bioassayed for the viroid. All 429 avocado trees at the NGR were assayed using ASBVd-specific RT-PCR.
Extraction. The extraction procedure was essentially that described by Hadidi and Yang (6) . Young leaf, old leaf, and flower tissue samples were ground to a fine powder in liquid nitrogen to which 4 ml of extraction buffer per g of fresh weight tissue was added (0.1 M Tris-HCl, pH 8.0, 1.5 M NaCl, 0.5% 2-mercaptoethanol, and 5% [wt/vol] polyvinylpolypyrrolidone) with continued grinding. The slurry was stirred for 10 min before extracting with an equal volume of 1.0 M Tris-HCl buffered phenol, pH 7.4, containing 0.1% 8-hydroxyquinoline, and subsequently stirred for 10 min. The samples were further extracted with 2 volumes of chloroform, then centrifuged at 7,650 × g for 10 min at 4°C. Nucleic acids were precipitated from the aqueous phase with 1/10 volume of 3 M sodium acetate, pH 5.2, and 2 volumes of ice cold absolute ethanol. The pellets were air-dried and resuspended in 1 ml of 1 M NaCl and centrifuged at 1,600 × g for 5 min at 4°C in a microcentrifuge. Nucleic acids were again precipitated from the supernatant with 1/10 volume of 20 mM EDTA and an equal volume ice cold absolute ethanol. The pellet was air-dried, then resuspended in 500 µl of 1.0 M NaCl. The suspension was centrifuged as before for 10 min, and the supernatant was transferred to a fresh microcentrifuge tube to which 1/10 volume of 3 M sodium acetate, pH 5.2, and 2 volumes ice cold ethanol were added. Samples were incubated at -70°C for 1 h or at -20°C overnight, then centrifuged at 16,000 × g for 20 min at 4°C. The resulting pellet was vacuum dried, and the pellets were dissolved in 10 ml of TE (Tris-EDTA), pH 8.0. This extract was either purified by column chromatography (see below) or used as a crude fraction for the subsequent RT-PCR reactions.
Column chromatography. Nucleic acids were purified by the addition of 1 g of DEAE cellulose resin to each of the dissolved pellets, and the samples were gently mixed for 15 min at 25°C. The mixtures were then centrifuged at 3,000 × g for 5 min, and the pellets were resuspended in 10 ml of 0.2 M NaCl in TAE (TRIS-sodium acetate-EDTA), mixing gently for 15 min at 25°C. This step was repeated two more times, and the final pellet was then resuspended in 10 ml of 0.2 M NaCl. The samples were transferred to 1 × 20 cm columns (Kontes Glass, Vineland, NJ) and allowed to settle. The columns were washed with 15 ml of 0.2 M NaCl, and the UV absorbance of the eluate was scanned between 200 and 300 nm with a spectrophotometer. An additional 15 ml of 0.2 M NaCl was dripped through the columns, and the eluate was collected and scanned until the UV absorbance at 260 nm was zero. Viroid RNA was eluted from the column with the addition of 12 ml of 1.5 M NaCl in TAE. Three volumes of cold absolute ethanol were added to the fractions to precipitate nucleic acids after storage at -70°C for 1 h. The nu-cleic acids were pelleted by centrifugation at 10,000 × g for 20 min at 4°C, and pellets were washed with 70% (2) . The amplifications were performed in a DNA Thermal Cycler 480 (Perkin Elmer) for 40 cycles under the following conditions: 1 min at 94°C, 2 min at 55°C, and 3 min at 72°C, with a final extension of 4 min at 72°C.
Gel electrophoresis. Amplified cDNA products were analyzed by electrophoresis either on nondenaturing 6% polyacrylamide slab gels in 1× TBE, and silver stained to visualize the bands (14) , or in 2% agarose gels in 1× TBE and visualized with ethidium bromide.
Cycle sequencing. PCR products of approximately 250 bp were excised from low-melting-point agarose gels, extracted by following the Magic PCR Purification Kit protocol (Promega, Madison, WI), and sequenced directly. Both forward and reverse primers were end-labeled with K 32 P ATP (6,000 Ci/mmol; NEN Dupont, Boston, MA) using T4 polynucleotide kinase (New England Biolabs, Beverly, MA). Two amplification reactions were performed using one of the end-labeled primers and 100 fmol of the cDNA template. The reaction mixtures were subjected to 45 cycles of 95°C for 30 s, 42°C for 30 s, and 70°C for 1 min (Perkin-Elmer Cetus).
The fragments were separated on an 8% polyacrylamide sequencing gel and exposed to X-ray film for visualization and documentation. DNA sequencing was also performed using an Applied Biosystems International (ABI) 373A DNA sequencer using the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems).
RESULTS AND DISCUSSION
Column chromatography was used initially to isolate nucleic acids for the RT-PCR reaction. In Figure 1 , lanes 2 through 7 are samples of column chromatography purified nucleic acids from plants known to be infected with the viroid. The RT-PCR resulted in the amplification of the approximately 250-bp product. Amplification products were not observed in lanes 9 to 12, representing column chromatography purified nucleic acids from noninfected trees, or in lanes 13 and 14, which represent accessions of the related genera Cinnamomum and Laurus. Column chromatography purification is a difficult and time-consuming extraction procedure; however, RT-PCR of column purified nucleic acids produces few artifacts.
To verify that the amplification product was ASBVd, bands of approximately 250 bp were excised from the gel, purified, and subjected to cycle sequencing. The partial sequence of the amplified fragment from the accession Donaldson was compared with the GenBank database using the BLAST algorithm (1). The partial sequence of the amplified fragment and the sequence of ASBVd (GenBank accession (Fig. 2) . Thus, the RT-PCR product is over 97% identical to this variant of ASBVd.
Amplification of total nucleic acids without using column chromatography purification has proven effective in the detection of ASBVd. Samples amplified with both column chromatography purified and crude nucleic acid extracts are illustrated in Figure 3 . Lanes 2, 4, and 6 are amplifications from purified nucleic acid extracts, while lanes 3, 5, and 7 are amplifications from crude extracts of the infected cultivars Aycock Red#19, Progresso Late, and Lima Late, respectively. Lanes 9 and 10 are amplifications from purified and crude nucleic acids from the negative control Dade.
The ability to detect ASBVd in symptomless old leaves, young leaves, and flowers is demonstrated in Figure 4 using RT-PCR products from crude samples of the symptomless infected cultivars Lima 6 and 7) , and from the noninfected avocado accession Dade (lanes 9 and 10). Lanes 1 and 8 are a 100-bp ladder.
Late, Progresso Late, and Vero Beach, respectively. This finding confirms a previous report that ASBVd could be difficult to detect using sPAGE in some symptomless tissues but was detectable using RT-PCR (13) . Amplification using these specific primers detected ASBVd in all cases except for young leaves of Lima Late. Titers of the viroid have been reported to be higher in flowers than in other tissues (3, 9) ; however, our data did not support those findings. ASBVd was detectable using only 1.0 ng of total nucleic acids in the RT-PCR reaction.
By using crude nucleic acid extracts, all of the 429 avocado trees at the NGR were screened for ASBVd using the RT-PCR assay. The results indicated that 81 trees were positive for the viroid. These 81 trees were then assayed again. Both reactions detected the viroid in 69 trees (85.2%). The remaining 12 trees (14.8%) were positive in only one of the two reactions. The failure to detect ASBVd in these 12 reactions may be caused by inhibitors, carried over in non-column-purified nucleic acids, which prevented ASBVd from being amplified. Development of an internal control is in progress which should allow identification of false negative reactions.
The use of a simplified extraction procedure combined with ASBVd-specific RT-PCR assay resulted in a simple, fast, and accurate detection of ASBVd. The ability to repeatedly detect ASBVdpositive trees from crude nucleic acid extracts was estimated to be accurate for 85% (SE = ±3.95) of the assays. This detection rate is similar to bioassays carried out in controlled-temperature greenhouses (30/28°C day/night) and much higher than in bioassays where the temperature was lower (20/18°C day/night) or not controlled (4) . With the elevated temperature, the bioassay required 8 months to complete; and under the cooler temperatures, it required more than 1 year. Detection of ASBVd in crude extracts from field-grown plants as demonstrated here can be accomplished in a few days. This procedure has already been effectively used to stop nonsymptomatic ASBVd-infected germplasm from being distributed. We are currently using the ASBVd-specific RT-PCR assay for detection of ASBVd in commercial groves in Florida and are investigating sequence variation occurring in these groves and in the germplasm collection. Fig. 4 . Two percent agarose gel electrophoretic analysis of reverse transcription-polymerase chain reaction (RT-PCR)-amplified avocado sunblotch viroid (ASBVd) cDNA synthesized from nonsymptomatic tissues of ASBVd-infected avocado accessions. Lanes 1 and 11, 50-bp ladder; lanes 2 to 4, Lima Late, young leaf, old leaf, and flower, respectively; lanes 5 to 7, Progresso Late, young leaf, old leaf, and flower, respectively; and lanes 8 to 10, Vero Beach, young leaf, old leaf, and flower, respectively.
